Background: Some patients with heart failure (HF) are more prone to systemic congestion than others. The goal of this study was to identify clinical and humoral factors linked to congestion and its prognostic impact in HF patients. Methods: A total of 371 advanced HF patients underwent physical examination, echocardiography, right heart catheterization, blood samplings, and Minnesota Living with HF Questionnaire. Subjects were followed-up for adverse events (death, urgent transplantation, or assist device implantation without heart transplantation). Results: Thirty-one percent of patients were classified as prone to congestion. During a median follow-up of 1,093 days, 159 (43%) patients had an adverse event. In the Cox analysis, the congestion-prone (CP) status was associated with a 43% higher event risk. The CP status was strongly (p ˂ 0.001) associated with body weight loss, right ventricular dysfunction (RVD), dilated inferior vena cava (IVC), diuretics, and beta-blockers prescription and the majority of tested hormones in the univariate analysis. In the multivariate analysis, the only independent variables associated with the CP status were adiponectin, albumin, IVC diameter, and RVD. Adiponectin by itself was predictive of adverse events. In a multivariate model, CP status was no longer predictive of adverse events, in contrast to adiponectin. Conclusions: CP patients experienced more severe symptoms and had shorter survival. Potential role of adiponectin, a new independent predictor of CP status, should be further examined. detect fluid overload [37] . In our study, we only use a self-administered questionnaire to capture the tendency to edema formation, and this can lead to an erroneous estimate of the real congestion status. Due to potential referral bias, our cohort may not reflect the general HF population. Invasive hemodynamic data were available only in a subset of the study cohort. Highly optimized and managed treatment of our cohort may have influenced by some degree circulating levels of analyzed hormones and right heart catheterization results. This should be considered a strength rather than a weakness, because it allows us to consider the additional parameters beyond the contemporary standard HF treatment.
Introduction
Congestion, one of the defining components of heart failure (HF) syndrome, is responsible for symptoms, morbidity, and hospitalizations of patients with chronic HF [1] . Achieving and maintaining adequate decongestion is thereby critical prerequisite for long-lasting, event-free management of patients with HF [2] .
Although signs and symptoms of congestion are typically present in acutely decompensated HF, some patients experience certain degree of congestion also in clinically stable phases. The reasons why some HF subjects tend to be more prone to congestion, while others suffer more from low cardiac output, are poorly understood. The tendency to develop congestion may reflect inadequate diuretics dosage or intrinsic patient characteristics, such as worse hemodynamic, more renal dysfunction, lower oncotic pressure, more profound renin-angiotensin system activation, or involvement of other humoral systems promoting water retention. Conclusions from previous studies examining congestion determinants are limited because they focused more on acutely decompensated patients [3] or on subjects not exposed to intense neurohumoral blockade [4] that is now widely used in HF population. Deciphering the reasons for higher predisposition to congestion may be clinically relevant, because it may help to design complemental strategies beyond simple loop diuretic titration.
The goal of this study was to identify clinical, hemodynamic, and humoral factors associated with the presence of congestion-prone (CP) status in an advanced electively hospitalized HF cohort with extensive laboratory and clinical phenotyping and follow-up.
Materials and Methods
The study enrolled patients with chronic (> 6 months) advanced systolic HF (ejection fraction < 40%) electively hospitalized at a nonintensive care unit ward at the Institute for Clinical and Experimental Medicine in Prague between November 2007 and August 2011 for consideration of heart transplant, cardiac defibrillator (ICD), or cardiac resynchronization therapy implantation. Patients with acute HF decompensation, hemodynamic instability, or reversible cardiac dysfunction (e.g., planned valve surgery, revascularization, tachycardiainduced cardiomyopathy), active malignancy, chronic infection, history of intentional weight loss attempts in the past year, or those unwilling to participate were excluded. The study was conducted according to the Declaration of Helsinki and was approved by the local Ethical Committee. All patients signed written informed consent.
All subjects underwent morning fasting blood sampling for laboratory analysis, medical history, Minnesota Living with HF questionnaire (MLHFQ), and an anthropometric and echocardiography examination (Vivid7, General Electric Healthcare, Wauwatosa, WI, USA). Left ventricular (LV) function and dimensions were measured according to contemporary recommendations [5] . Mitral and tricuspid regurgitation was assessed semiquantitatively and expressed in 3 grades (absent/mild, moderate, and severe). Right ventricular (RV) systolic pressure was estimated from the tricuspid regurgitation velocity (available in 75% of patients) and right atrial pressure (RAP) estimate, based on inferior vena cava (IVC) diameter. RV dysfunction was quantified (0-3) in an apical 4-chamber view by using tricuspid annular systolic excursion (M-mode TAPSE) and tissue systolic velocity (Sm) as done before [6] . Body weight (BW) was measured by using an electronic scale (HBF-510W, Omron, Japan). BW during the 6-month period before the evaluation was carefully ascertained by subjects' historical recollection and by review of available medical records, as done previously [6, 7] . Right heart catheterization was performed in a subgroup of subjects (n = 175) via jugular access using a balloon-tipped thermodilution catheter (Corodyn, Braun, Melsungen, Germany) and a standard data acquisition system (MacLab, General Electric Healthcare, Fairfield, CT, USA).
The MLHFQ is a self-administered disease-specific questionnaire for patients with HF [8] , comprising 21 items rated on 6-point Likert scales, representing different degrees of impact of HF on health-related quality of life (HRQoL), from 0 (none) to 5 (very much). It provides a total score (range 0-105, from best to worst HRQoL), as well as 2 subscores, somatic (8 items, range 0-40) and emotional (5 items, range 0-25), which explores the impact of physical and psychological dimensions on HRQoL.
The CP status was based on the individual answer to question 1 of MLHFQ (during the past month, has your heart problem prevented you from living as you wanted because it caused swelling in your ankles or legs?) and was defined by a score > 2. Gravity-dependent leg edema is the most clinically recognizable surrogate of congestion [9] . Since the degree of congestion varies over time, we assumed that patient self-reported severity of congestion would capture tendency to edema formation better than 1-time congestion assessment. Clinical signs of systemic (defined by the presence of elevated jugular pressure, hepatomegaly, or ascites and leg edema) or lung congestion (defined by venostasis on lung auscultation and chest radiogram) were also evaluated by attending physicians. A congestion score was calculated as follows: 0, no central or systemic congestion; 1, central or systemic congestion; 2, central and systemic congestion.
Glomerular filtration rate (GFR) was estimated using the Modification of Diet in the Renal Disease equation [10] . Plasma sodium, albumin, aspartate-aminotransferase, glucose, and creatinine were measured by using an automated Abbott Architect ci1600 analyzer. Colloid oncotic pressure was derived from the plasma concentration of globulin and albumin [11] . The B-type natriuretic peptide (BNP) concentrations were measured by using microparticle immunoassay (Architect BNP, Abbott Laboratories, Chicago, IL, USA; long-term analytical coefficient of variation [CV] 4.5%). Adiponectin was measured using the high-sensitivity enzyme-linked immunoadsorbent assay (BioVendor, Brno, Czech Republic; CV 6.2%) and cortisol by the radioimmunoassay (Beckman-Coulter, Prague, Czech Republic; CV 9.2%). Concentrations of copeptin, adrenomedullin, and endothelin-1 were assessed using the Thermo Scientific BRAHMS Biomarkers Kryptor Compact analyzer. Specifically, copeptin was measured using the copeptin proAVP assay (direct measurement range 0.7-500.0 pmol/L; inter-assay CVs 5.3 and 2.8% at 4.9 and 104.5 pmol/L, respectively), endothelin-1 was measured using the CT-proET assay (direct measurement range 3.0-500.0, inter-assay CVs 3.4 and 2.8% at 69.7 and 193.1 pmol/L), and adrenomedullin was measured using the MR-proADM assay (direct measurement range 0.05-10.00 nmol/L, inter-assay CVs 4.0 and 3.7% at 0.7 and 4.3 nmol/L). Serum insulin was measured by immunochemiluminescence (IMMULITE 2000, Diagnostic Products, Los Angeles, CA, USA; CVs < 10%).
An adverse outcome was defined as a combined endpoint of death, urgent transplantation, or assist device implantation without heart transplantation. Since time to nonurgent transplantation reflects donor availability rather than recipient condition, such patients were censored as having no outcome at the day of transplantation.
Data were analyzed by using JMP 10 software (SAS Institute, Inc., Cary, NC, USA). A twosided p value of < 0.05 was considered statistically significant. Data are presented as means ± SD or medians (interquartile ranges), where appropriate. Differences between groups were tested by using the chi-square test, unpaired Student t test, or analysis of variance. To assess the association of each variable with CP status, separate multiple logistic regression analyses were conducted. Variables not normally distributed had been log-transformed before the analysis. Highly significant univariate variables (p value < 0.001) were included in the multivariate model. Cox proportional hazard regression was used to analyze the factors associated with all-cause mortality, and hazard ratios (HR) and 95% CIs were calculated. Kaplan-Meier curves with the log-rank statistic were used to illustrate the outcome. 
Results

Patients Characteristics
A total of 371 subjects with chronic HF were enrolled in the study. The population was well medically treated with 93% of patients on beta-blockers (BB) and 85% of patients on angiotensin converting enzyme inhibitors (ACEi) with high prevalence of cardiac resynchronization therapy or ICDs (Table 1) . On echocardiography, patients showed severe reduction of LV function (LVEF 25 ± 6%), and moderate to severe RV dysfunction was found in 53%. IVC dilation (> 20 mm) was present in 44% of cases and pulmonary hypertension with an estimated RV systolic pressure > 35 mm Hg in 80% ( Table 1) .
The Influence of the CP Status on Quality of Life and Prognosis
The CP status was present in 31% of patients (n = 115) in our cohort. CP patients frequently had objective evidence of systemic venous congestion (50%), but less often that of pulmonary congestion (14%; Fig. 1A) . The presence of CP had a profound effect on quality of life (Fig. 1C ). Both MLHFQ sum score ( Fig. 1B) and New York Heart Association functional class (Table 1 ) were significantly elevated in CP patients. During a median follow-up of 1,093 (interquartile range 337-1,697) days, 159 (43%) of 371 patients had an adverse event. CP status was strongly associated with poor outcome (HR 1.43; 95% CI 1.07-1.90; p = 0.01; Fig. 1D ).
CP Status: Measurements and Correlates
CP patients showed higher daily dose of furosemide than non-CP patients. They also had lower prescription rate of BB, but no differences were found in mineralocorticoid antagonists or ACEi/angiotensin receptor blockers. The prevalence of dual or triple neurohumoral inhibitors (BB, ACEi/angiotensin receptor blockers and mineralocorticoid antagonists) was equal in CP and non-CP group. CP group had higher prevalence of diabetes and higher percentage of BW loss in the last 6 months, but similar body mass index. The degree of congestion correlated with BW loss (R 2 = 0.05, p < 0.001), pointing out the concept that congestion was more common in patients with cardiac cachexia. CP patients had higher plasma concentrations of inflammation proteins and urea and lower of electrolytes and albumin. Consequently, the colloid-oncotic pressure was significantly reduced in CP patients (Table 1) . CP subjects had more significant (moderate to severe) tricuspid valve regurgitation, larger IVC dimensions, and more impaired RV function compared with those without the CP status (Table 1) . Among all invasive hemodynamic measures, only RAP was significantly increased in the CP group (Fig. 2) .
Among CP subjects, we found elevated plasma levels in majority of tested hormones (Fig. 3) . In contrast, HF etiology and duration, LVEF, hemoglobin, and GFR were similar in the 2 groups. Univariate and multivariate logistic regressions were used to delineate which cardiac, clinical, and humoral factors were independently associated with CP status ( Table 2 ).
In the univariate analysis, increased levels of hormones (with the exception of cortisol) and urea, dilated IVC, worse RV function and tricuspid regurgitation, higher RAP and daily dose of furosemide, and a reduced prescription of BB were directly correlated with the CP status. In contrast, weight loss and lower albumin were inversely correlated.
In the multivariate regression, RV dysfunction and IVC remained the only echocardiographic-independent predictors of the CP status. Similarly, albumin, and among humoral variables adiponectin, maintained a strong independent relationship to congestion development ( Fig. 4) . No clinical parameters were associated with the CP status in the multivariate analysis. # Hemodynamic parameters available from 175 subjects. CP, congestion prone; HF, heart failure; ACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BNP, B-type natriuretic peptide; BW, body weight; MR-proAM, mid-regional pro-adrenomedullin; NYHA, New York Heart Association; BW, body weight; GFR, glomerular filtration rate; LVEF, left ventricle ejection fraction; IVC, inferior vena cava; LV, left ventricular; RV, right ventricular dysfunction; RAP, right atrial pressure; BMI, body mass index; BB, beta-blockers; ns, not significant.
Adiponectin concentration showed a significant increase in patients with clinical evidence of systemic congestion, but not in those with pulmonary congestion (online suppl. Fig. S1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000502975). It was also strongly correlated (p < 0.001) with BNP, body mass index, weight loss, and insulin concentration but not with renal function and diabetic status ( Table 3 ). In the MLHFQ, adiponectin showed the strongest association with the question 1 (edema, p < 0.001), the question 11 (anorexia, p < 0.001), and the question 14 (hospitalization, p = 0.02). Adiponectin by itself was predictive of adverse events (Fig. 5) , with the higher concentration tertile (> 100 mg/L) that evidenced an increase in the risk of primary outcome more than two-fold compared to the lower tertiles (HR 2.55, 95% CI [1.43-4.20] , p = 0.002). Finally, if CP status was entered in a multivariate model with adiponectin, it was no longer predictive of adverse events, but adiponectin was still significant, suggesting as part of the association between congestion and outcome may be mediated by this hormone.
Discussion
The main finding of the study is that HF patients more prone to systemic congestion are characterized not only by higher neurohormonal activation, hypoproteinaemia, and RV dysfunction but also by increased levels of fat-derived hormone adiponectin. Adiponectin remained independently associated with congestion in multivariate analysis and mediated the impact of congestion on prognosis, indicating potentially relevant role in fluid retention. In contrast, factors traditionally considered as determinants of edema, such as decreased renal function, low cardiac output, or increased natriuretic peptides, were reported to be less relevant for CP status in our cohort. Our study indicates that in addition to adequate use of diuretics, the strategies to improve control of chronic congestion should target RV function and additional hormonal systems besides sympathetic or renin-angiotensin system.
Adiponectin is an adipocyte-derived cytokine with cardioprotective effects mediated by antiapoptotic, fibrosis-reducing, and oxidative stress diminishing properties [12] . It regulates cellular function via the binding of its receptors adiponectin receptor 1 and adiponectin receptor 2 that are variously expressed in adult cardiomyocytes, skeletal muscle, endothelial cells, liver, and kidneys [13] . In healthy individuals and in coronary artery disease, low plasma adiponectin levels have been associated with insulin resistance and excess of cardiovascular events [14, 15] . However, in patients with established HF, high adiponectin levels are associated with worse cardiac function, more symptoms [16, 17] , and higher mortality, regardless of HF etiology [18, 19] . The elevation of adiponectin concentrations in HF may be due to an increased stimulation, due to blunted hormone signaling, or a combination of both mechanisms. In this regard, clinical and experimental studies demonstrated the downregulation and desensitization of adiponectin receptors in the heart and skeletal muscle of HF patients, suggesting a reduced biologic response to adiponectin due to hormonal resistance [20] [21] [22] . On the other hand, the stimulation of adiponectin secretion by natriuretic peptides was previ- ously reported [23] . The reasons for the paradoxical adverse prognosis associated with elevated adiponectin plasma concentrations in HF are incompletely understood. Increased adiponectin levels may promote congestion by an increase of adrenal aldosterone secretion [24] . Interestingly, adiponectin can also affect glucose transporters in the kidney. In a recent experimental study [25] , this hormone was shown to regulate renal sodium/glucose cotransporter 2, which in turn affects reabsorption of sodium and glucose and may contribute to a homeostatic attempt to decrease the vicious circle of congestion. This rescue mechanism may be ineffective because of the impaired adiponectin signaling in HF patients. In summary, our data suggest that the influence of adiponectin on prognosis in HF can be mediated by promoting congestion. Whether interventions on adiponectin signaling pathways using therapeutic agents able to prevent downregulation or desensitization of adiponectin receptors could affect preponderance to congestion should be further experimentally investigated.
In this report, we confirmed only weak correlation between invasive hemodynamic data and congestion [26, 27] . RAP, but not cardiac output or pulmonary wedge pressure, was associated with the CP status. Similarly, correlation between intravascular volume (expressed by RAP and its surrogate IVC diameter) and volume overload in HF is poor [27] , as other important factors such as venous capacitance [28] and partitioning of retained water between intravascular and extravascular space [29] play important roles.
RV dysfunction was highly prevalent in the CP group and strongly correlated with congested status, confirming its critical pathophysiologic role in HF patients [6] . Strategies to improve RV function will be crucial to prevent development of CP state and to protect organs from untoward effects of chronic venous hypertension [30] .
In agreement with previous studies [31, 32] , our report confirmed a strong correlation between congestion and hypoalbuminemia (and reduced colloid-oncotic pressure). Impaired liver [29] or renal function [32] , hemodilution, and an increased inflammatory activity [31, 33] are likely contributing to reduced albumin concentration in HF patients.
Blood urea concentration, but not GFR, correlated with the CP status. Urea concentration more closely reflects neurohumoral activation in HF than in GFR [34] , and particularly activation of arginine-vasopressin (AVP) system directly regulates the urea reabsorption in the collecting duct that acts on urea transporters [35] . This explains why urea blood level showed a significant increase in CP patients and it strongly correlated to stable AVP product copeptin in our study (r = 0.67). We found no correlation between copeptin and plasma osmolality, indicating that the main mechanism of AVP secretion is the nonosmotic release. Copeptin and Endothelin-1 elevation in CP patients corresponds to well-known causal role of these systems in free-water retention and congestion [36] , although their association with CP status was less strong that with adiponectin.
The complex hormonal interactions that influence CP status raise questions about current approach to congestion. Besides diuretics and improving RV function, targeting additional congestion pathways (such as AVP or adiponectin) in association to the current HF therapy might provide better congestion control, which may lower hospitalization and mortality. The study also indicates that careful identification of HF patients more prone to develop congestion should lead physicians to correctly assess the risk of decompensation and then target more aggressive treatments. Recognition of the CP status should stimulate to develop and test new drugs able to interfere with development of congestion.
Study Limitations
This prospective study was observational; therefore, causality cannot be addressed. Survival analysis was performed without any adjustment for confounding factors, and this may have influenced final results. Congestion is difficult to assess, especially when symptoms are mild, and different clinical parameters are usually considered in daily clinical practice to
